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1. Introduction

The South Sea Institute of KORDI is the operating laboratory that is accredited by KOLAS
(The Korea Laboratory Accreditation Scheme) for ISO/IEC 17025 in field of aquatic
organisms and all efficacy tests are conducted by the quality system of ISO/IEC 17025.
KOLAS is the governmental accreditation body in the Republic of Korea. KOLAS evaluates
the technical competence of testing and calibration laboratories based on the general
requirements of ISO/IEC 17025, general requirements for the competence of testing and

calibration laboratories and specific technical requirements of each field (Fig. 1).

Fig. 1. South sea institute of KORDI

The efficacy of ballast water management systems which produce active substances was
evaluated by administration in accordance with guidelines for approval of ballast water
management systems (G8). The guidelines (G8) include general requirements concerning
design and construction, technical procedures for evaluation and the procedure for issuance
of the Type Approval Certificate of ballast water management system. The guidelines (G8)

South Sea Research Institute, KORDI 5



are unique compared to the requirements for type approval of traditional marine equipment as
type approval of ballast water treatment systems requires both land-based and shipboard test.
The procedure and conditions of land-based and shipboard tests are as such in Fig. 2 and 3.

[ESetE7cie, oter 2 salinity range, 5 days storage >

—»

Test water :
Over 50 #n : 10°410%m® at least 5 species 3 phyla
10-50 s ; 10°-10%/m? at least 5 species 3 phyla

Bacteria : 10*/m heterotropic Bacteria —
&
Ballast TR
Water
Treatment
Equipment
(In-Tank) —
240m¥h o
oo
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Dissolved Oxygen sLasi'ze'p “:"9233 iy
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Fig. 2. Land-based test procedure and conditions
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Fig. 3. Shipboard test procedure and conditions
(ISO/IEC 17025:1999(E))
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2. Land-based test

The land-based tests were performed at two different sites with more than 10PSU
difference in salinity according to the G8 guidelines. The locations of the land-based tests
were Masan Bay at South Sea of the Korean Peninsular for seawater, and down stream of the
Sumjin River in the southern part of the Korean Peninsular for brackish water (Fig. 4).

The Korea Ocean Research and Development Institute performed all of the tests that took
place, and observed D-2 regulations

The tests in Masan Bay for seawater were performed 5 times from June 2007 to January
2008. The tests in the Sumjin River for brackish water were performed 6 times from August
2007 to February 2008. The last test in Sumjin River was carried out for the analysis of
disinfection by-product according to the D-2 standard.

The working standard of ECS was set at TRO concentration of 10mg/L. The electric
current and voltage were varied in relation to the quality of environments in which the tests
took place (salinity, temperature, and contents of organic matter, etc).

The land-based test was performed successfully five times for sea water and six times for
brackish water respectively. The result for the disinfection efficacy test of brackish water was
satisfying D-2 standard. However, the population densities of micro-organism between 10~50
um were insufficient due to the seasonal changes in the Korean brackish water. Therefore
micro-organisms were cultured to meet its initial concentration.|

Masan Bay, Korea
Salinity 32~34 %o

Sumijin river, Korea
Salinity 16~21 %o

|

Fig. 4. Sites for land-based tests

South Sea Research Institute, KORDI 7
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Fig. 6. Seawater sampling point
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2.1. Information of test barge

Four test tanks were built for the barge, the ECS-300A was installed for the land-based test,
and the safety, application and ecological efficacy of the ECS was proved.
Each of the four test tanks has a volume of 240m® (Tables 1 and 2). All pipes and valves in
each test tank were designed and installed based on the regulation, and four ballast pumps
sized 500m*/h were installed. For sampling, four tanks for treated water which are 2m? in

volume and the four controlled water tanks with pipelines and valves were installed.

Table 1. Barge for ECS land-based test specification

Item Specification
Name / Type ELECTRO CLEAN/ Barge
StorageTank Four Tanks of 240 m®
Dimensions Length 34.31m Width 13.40m Depth 2.4m
Builder Daeun Shipyard
Launching Date May 1, 2006




Table 2. Features of the barge

ltem

Description

Pipes & pumps facilities

Maximum pump capacity 2,000m®/h
(4 x 500m°/h)

Lightproof tank facilities

Two 240m? class simulated ballast tanks
Two 240m? class culture tanks
Eight 2m? test tanks

Sampling facilities

Electric netting equipment for micro-organism criteria
Sample concentrator
Sampling net

Micro-organism cultivation
facilities

Microscope lab

Micro-organism disposal chamber
Sample testing lab

NaOCI elimination agent feeder

Power generating facilities

3 power generators for operation
(Total 800-kw class)

Ballast management system

ECS-300A & extra equipment

Maintenance tools

Spare parts and tools for maintenance

Other facilities

Accommodations for researchers and staff
(Dining room, bedroom, conference room)

2.1.1. Advantage of barge for the land-based test

® |t is difficult to control the population density of micro-organisms according to D-2
regulation when the test is operated as it is limited to a land-based location. However, it
is straightforward to choose the preferred location where the population density of

micro-organisms for the test can be controlled.

® Temperature inside the ballast tank can be kept at the same level as that of the sea, so
that the culture conditions for the test micro-organisms can be maintained as same as

the micro-organisms outside the ship.

® |t is possible to have many different water conditions for the pre-test before the actual

land-based test.




® The instrument to create the active substance requires the same level of electrical
power as that of actual ships in order to design the specific instrument.

® For the removal efficacy of micro-organisms when tested in sea regions where POC
concentrations and salinity are different to each other, the cost for re-installation of the
facility is reduced.

2.1.2. Specifications of electrolyzer

The components of ECS can be summarized as follows (Table 3):

* Product name: ECS (Electro-Clean System)

» Model: Electrolyzer module (ECS-300A)

« Usage: Ballast Water Management System (BWMS)

« Capacity: 300m*/h (Ballast pump) Max

« Disinfection method: Disinfection by electrochemical oxidation

« Disinfection efficacy: Compliance with D-2 Regulation of IMO

« Active substances dosage: TRO (Total Residual Chlorine) 10mg/L + 20% Nominal (in
electrolysis module)

« Maximum disinfection performance: TRO 12mg/L + 20% Max (in electrolysis module)

« Operating mode: Manual/ Automatic mode via computer control

* Operating software: ECS-2000 (OS: Window NT, XP or above)

 Power consumption: 18kW/h or nominal

« Operating temperature: 0~55°C (Installed in a closed and environmentally controlled
space)



Table 3. ECS system components

Component Device Un't. Model
quantity
Control PC 1EA ECS-CPC
Control unit RTU
(Remote Terminal Unit) 1EA ECS-RTU
Power Power Distributor 1EA ECS-EPDS
Distributor Multifunctional rela
! y -
Unit (HIMAP) 1EA ECS-HIMAP
Rectifier
(TC15D3KS) 1EA ECS-Power
Rectifier Unit |
Cooler
(TECU50) 1EA ECS-Cooler
Electrolysis Electrode 4EA ECS-EM
Unit Chamber 1EA ECS-EMC
Operation i
SIW HMI (S/W) 1EA ECS-0OS
TRO sensor (Online) 1SET CLX (Makeirr:]é—;F Scientific,
TRO sensor (Online, option)|  1SET CL7685.10 (Maker: B&C)
Sensor Unit : :
PH sensor (Online, option) 1SET PH7685.010 (Maker: B&C)
Conductivity sensor 1SET C7685 (Maker: B&C)
(Online, option)

2.2. Installation and sampling procedure on the barge

The barge is composed of four 240m® tanks and ECS-300A module that is capable of
treating 300m® of ballast water per hour with each pipe and valve fitted to the right standard
and four 500m*/h ballast tanks to take up sea water (Fig. 7). A blower system is installed for
the cleaning of the sampling tanks. There are 4 tanks of 2m® to control the dosage and each
tank has an attached output valve to allow the possibility of sampling.

The description of the barge and sampling procedure are as follows (Fig. 8 and Table 4):



Electrolvsis Modules

Samplina Tanks

Power Generator &
Pumps (4x500m?/hr)

Fig. 7. Description of barge for land-based test

South Sea Research Institute, KORDI 13
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Fig. 8. Side view of barge

Table 4. Sampling procedure

Procedure Water Flow Sampling

Uptake form sea chest Strainer — Pump — Tank 2, Tank 3

Tank 2 and/or Tank 3 — Pump

Uptake form tank and/or sea Before Treatment: 20 liter x 3 times
— (Parallel or Sequential)
chest, treatment and store at Before Tank 4: 1m® x 3 times
w/ Treatment — Tank 4
treated and control tank Before Tank 1: 20 liter x 3 times

w/ Treatment — Tank 1

Discharge of treated water Tank 4 — Pump — Outlet Before Outlet: 1m® x 3 times

Discharge of control water Tank 1 — Pump — Outlet Before Outlet: 1m® x 3 times

2.3. Preparation for the test
2.3.1. Cleaning tanks and pipes

The ballast water tanks in the barge were cleaned by fresh seawater pumped from the sea
to remove dirt and residues left over in the tanks. And also 10 minutes before each test takes
place, water from fresh water tanks is pumped into each ballast water tank in order to remove
any leftovers from polluted water.

South Sea Research Institute, KORDI 14



2.3.2. Test instruments

If the surface of any electronic instruments such as: rectifier, power distributor, and control
PC gets contaminated, they should be cleaned by a clean fabric and cleaner. Any rusted
instruments should be replaced. Any instrument with an air-filter should also be replaced.
Before the test, if the electrode and cable line of ECS module are rusted, it should be cleaned

by rust remover and protected by liquid coating.
2.3.3. Test water

Test waters were prepared in a 480 m® tank using high salinity sea water at Masan Bay or
brackish water at the Sumjin Estuary depending on the required salinity (> 32 PSU or 3-32
PSU, respectively, with a minimum difference of 10 PSU). The 480 m® of test water was used
for both testing and control.

The combination of harvested indigenous organisms and cultured surrogate species (>
50um: Artemia salina, 10-50um: Amphidinium carterae, Heterocapsa triquetra,
Prorocentrum minimum, Scrippsiella trochoidea Tetraselemis spp., and/or Thalassiosira
spp.) was added to fulfill the biological water quality criteria. One or more cultured species
were used at a time depending on the abundance of harvested indigenous organisms and
culture conditions. Also, soluble lignin, starch (or seaweed powder) and kaolin (or prepared
mud) were added to adjust the initial concentrations of dissolved organic carbon (DOC),
particulate organic carbon (POC) and total suspended solids (TSS) to meet chemical water
quality criteria.

2.4. Test methods

All nets for the concentration of organisms in the test site should be strictly separated into
three sets (each set uses 2 types of net; 7um mesh and 45um mesh in diagonal dimension) to
avoid cross-contamination.

2.4.1. Temperature and salinity

Temperature and salinity were measured using an Idronaut Ocean Seven 319 CTD. The
sensing unit was calibrated once a year by the manufacturer.



2.4.2. pH

A pH meter used was a model 1230, manufactured by Orion Research Inc. The meter was
calibrated using standard solutions (Orion application buffer, pH 4, 7, 10) each time prior to
the measurement according to the guidance provided by manufacturer.

2.4.3. Dissolved oxygen

DO was measured using an Idronaut Ocean Seven 319 CTD. The DO meter attached to the
CTD was calibrated prior to the measurement according to the guidance provided by
manufacturer. Maintenance (mostly membrane and electrolyte replacement) should be carried
out at least every three months.

2.4.4. Determination of dissolved organic carbon (UNESCO, 1994)

For dissolved organic carbon (DOC) analysis, each seawater sample was filtered through a
pre-combusted (450 °C, 2hours) 25mm Whattman GF/F filters (nominal pore size 0.7 um)
and 20 mL of filtered sample was collected in a pre-combusted 30-mL EPA vial (Wheaton,
WH.W227354). After collection, the filtered seawater sample was immediately acidified with
10% H3PO4 solution and purged with ultrapure O, gas for 10 min to remove dissolved
inorganic carbon (DIC). One hundred microliters of the DIC-free subsample was then
injected into the combustion tube of total organic carbon analyzer Shimadzu TOC-VCPH for
the oxidation of DOC to CO,, which was facilitated by a platinum catalyst at 650 °C. The
liberated CO, was subsequently measured using an infrared detector. On each day
measurements were performed, a three-point calibration curve was constructed using
potassium phthalate standards freshly prepared in Milli-Q water. These standards covered a
DOC concentration ranged of 0 to 10 mg/L and were run once a day. All DOC measurements
reported here represent the mean of three injections from each sample.

2.4.5. Determination of dissolved particulate organic carbon (UNESCO,
1994)

For determination of dissolved particulate organic carbon (POC), samples were collected
in 2 liter sterilization bottles. 200 mL of seawater sample was filtered onto pre-combusted
(450 °C, 2hours) 25mm Whattman GF/F filters (nominal pore size 0.7 um). During filtration,



a slight vacuum (0.0027 MPa or 200 torr) was applied to avoid rupture of the cells on the
filters. After filtration, the wet filters were dislodged from the filter holders and then stored
frozen in a deep freezer (-20 °C) until processed. Prior to analysis, the filters are placed
overnight in a desiccator saturated with HCI fumes. The air in the desiccator is kept saturated
by leaving concentrated HCI in an open container in the lower compartment of the desiccator.
Thereafter, the filters are dried again at 65 °C for two days. Immediately before analysis, with
the use of a clean pair of forceps, the dried filters were folded with tinfoil and palletized
(Sharp, 1974). The CHN elemental analyzer (ThermoQuest, EA1112) was used to determine
the concentration of POC on the dried filters.

2.4.6. Determination of total suspended solids (APHA, 1995)

Whattman GF/F filters (47mm, nominal pore size 0.7 um) were rinsed with 20 mL of
distilled water three times and dried in the oven at 103 to 105 °C for 1 hour and then cooled
to the room temperature for 30 minutes in the desiccator. The filters were then weighted. The
sample volumes were chosen for the sufficient amount to yield residue between 10 mg and
200 mg after filtration. When there were very low total solids in samples (less than 10 mg/L),
the deficiency of low weight was compensated by using a high-sensitive balance (0.001 mg).
The appropriate amount of sample was filtered through the prepared 47mm Whattman GF/F
filter and the residue retained on the filter was dried at 103 to 105 °C for 1 hour. The filter
was cooled in desiccators to room temperature for 30 minutes, and then re-weighted. The
difference between pre and after weighted filter was divided by sample volume (unit liter)

and represents the concentration of total suspended solid.
2.4.7. Viability test of organisms

® Organisms > 10~50um

The disinfection efficacy of the ECS on 10~50um sized organisms (mainly
phytoplankton) was assessed by three kinds of measurements using light microscope,
epifluorescence microscope and fluorometer (Turner Designs 10-AU).

With the use of the light microscope, the motility; for example, sliding or its own original
movement is considered as an indication of vitality of the phytoplankton.

Chlorophyll autofluorescence is used as an indicator of cell viability (Pouneva, 1997).
Intact chlorophyll of living cells shows red fluorescence, while dead or severely damaged



chlorophyll lose the red fluorescence. Commonly, under a green filter using an
epifluorescence microscope, most of the living cells show bright red colour, while the
dead cells show faintly green colour or disappearance of red fluorescence.

Fluorometer with high sensitivity can detect the fluorescence of phytoplankton more than
one live cell per milliliter. Thus, if no value is read on the display of fluorometer, it
means that all cells are considered to be ‘dead’, while it means that there are live cells in
the sample if any number is read. Fluorometer was used as a supplementary means. Also,
the applied method was fluorescence diacetate (FDA) staining to assess viability of
10~50pum sized organisms.

FDA stain: The FDA stock solution was prepared by mixing with regent grade
dimethylsulfoxide (DMSO) at a concentration of 5 mg/mL following the instructions of
Gervey et al., (2007). FDA was commercially available from Sigma Co. This stock
solution was stored in a refrigerator at 7°C (DMSO freezes at this temperature) and was
thawed each day for the preparation of a working solution (Jochem 1999). A working
stock solution was prepared by diluting the primary DMSO solution 100 times with
chilled distilled water (50 pg/mL). The solution was mixed during preparation to prevent
the precipitation and kept cold in the dark. Each sample was stained by adding 100 pl of
the working solution to 3 mL sample (end concentration: 1.7 pg mL™ FDA). Stained
samples were kept in cool and dark place for a minimum of 10 minutes prior to
enumeration. Samples could be saved for up to 90 minutes without risking significant
fluorescent degradation if kept in the dark and in an ice-bath.

Viability counts using FDA: The enumeration using epifluorescence microscopy to
count FDA stained phytoplankton cells was described by Gervey et al., (2007). The
fraction of FDA-stained cells (viability) was determined under an epifluorescence
microscope at 100x to 400x magnification, depending on cell size. Microplanktonic
organism, which showed only green-fluorescence (wavelengths 520 to 530 nm) and did
not emit red autofluorescence without a mobility, were counted under blue light
excitation (wavelengths 450 to 500 nm) as viable organisms, which were non-autotrophic,

except where stated otherwise.

® Organisms>50 pm
Survivorship of the larger organisms 50um (mainly zooplankton) was determined based
on the appendage's movement under a stereomicroscope (APHA-804C, 1985). In each
taxonomic group, individuals were classified as live or dead and counts of each group



were recorded. Animals were considered to be ‘live’ if they are actively moving or
exhibited an escape behavior when probed with a fine needle. If no activity or movement
of any kind was observed, after the additional sticking with a fine needle, the animals
were considered to be ‘dead’. And live or dead determination is confined to the
unimpaired body of zooplankton. The assessment method mentioned above was also
applied to the non-motile organisms larger than 50 pm.

® DAPI count for heterotrophic bacteria
For setting up the condition of influent water, 50mL seawater was fixed with neutralized
formalin (final conc. 2~4%). One millilitre in well-fixed seawater is stained with 0.2mL
DAPI (6-diamidino-2-phenylindole) working solution. After 5 minutes, at least 10 fields
were counted under UV filter set of fluorescent microscopy at (x 1,000).

® |ndicator microbes

« Escherichia coli (E. coli)

A 10mL of sea water was filtered onto the 0.2um membrane filter and then filters are
placed on the top of E. coli/ Coliform and Coliform Count Plates (3M™ Petrifilm plate).
The Petrifilm plates were incubated for 24 hrs at 35°C. The blue to red-blue colonies
associated with entrapped gas in the Petrifilm EC plate (within approximately one
colony diameter) is considered as E. coli. The enumeration of each sample was repeated

eight to ten times.

« Vibrio cholerae (serotypes O1 and 0139)

5 to 10 mL of sea water was filtered onto the 0.2um membrane filter and then filters
were placed on the TCBS (Bisulfate Citrate Bile Sucrose) agar. Pre-treated TCBS agar
plates were incubated for 24 hrs at 35°C. The green coloured CFU is considered as
Vibrio parahaemolyticus. The yellow coloured CFU is isolated into nutrient agar and
incubated for 24 hrs at 35°C. If the cultivated CFU has purple colour, it is considered to
be positive, if not or partly purple, it is negative. When the incubated CFU is decided as
positive, API20E test should be carried out. The possibility of Vibrio cholerae in the
case of partly purple coloured CFU was tested, but any CFU was not found in the

API20E test. The enumeration of each sample was repeated eight to ten times.



* Enterococci

A 20 ~ 40 mL of sea water was filtered onto the 0.2um membrane filter and then filters
are placed on the Intestinal Enterococci agar plate. The pre-treated agar plates were
incubated for 48 hrs at 35°C. The pink to brown coloured CFU with a diameter of 0.5 to
2 mm is usually Enterococci. The enumeration of each sample was repeated eight to ten
times.

Finally, the test mentioned above was additionally conducted with disinfected distilled
water in order to confirm whether there was any contamination as a control or not.

Water quality of each test is summarized in Table 5 and 6.

Table 5. A brief summary of water qualities at the test waters for land-based test on sea
water with > 32PSU (Masan Bay)

S-1 S-2 S-3 S-4 S-5
Salinity (PSU) 33.4 33.2 327 32.1 32.9
DOC (mg/L) 1.6 1.7 1.6 1.7 1.8
POC (mg/L) 33 10.1 2.9 2.0 1.1
TSS (mg/L) 48.8 90.3 40.4 63.1 58.5

Table 6. A brief summary of water qualities at the test waters for land-based test on

brackish water with 3~32PSU (Sumjin Estuary)

B-1 B-2 B-3 B-4 B-5 B-6
Salinity (PSU) 19.3 18.2 18.6 19.2 20.1 16.8
DOC (mg/L) 5.4 6.7 6.5 5.7 6.1 5.4
POC (mg/L) 6.2 6.0 55 6.3 5.8 6.1
TSS (mg/L) 52.9 60.3 60.3 63.5 57.9 59.5




2.5. Test results
2.5.1. S-1 (Sea water in Masan Bay)

The organism concentrations of test water for the land-based test sampling were set
following the guideline of G8. The water quality of the location is summarized in Table 7.
The range of the organism concentration for the group bigger than 50um in size was from
265,440 to 273,000 inds/m®, while that of the group between 10pm and 50pum in size was
from 1,253 to 1,443 inds/mL, in test water (Table 8). The range of heterotrophic bacterial
population density was from 2.4 to 3.0 x10° inds/mL in test water (Table 8). However, after
ECS treatment, the number of living organisms for all groups in control and treated water met

the D-2 regulation.

Table 7. Water quality of sea water (Masan Bay)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P P (°C) | (PSU) | (mg/L) | (mg/L) | (mg/L) | (mg/L)

2007.06.06 |Test water| 8.0 | 19.8 | 334 6.9 48.8 16 33
2007.06.11 | Control | 8.0 | 220 | 33.1 5.6 67.8 13 43
2007.06.11 | Treated | 7.9 | 215 | 331 71 71.9 18 22

Table 8. Biological efficacy of ECS from land-based test at sea water (Masan Bay)

Sam Heterotro| E. coli Vibrio | Entero
Date | Sample IingIO _50um<3 1.0~50“m Bacteria (cfﬁ/lOO cholerae, - coccus
(inds/m?) | (inds/mL) | ;. (cfu/100 | (cfu/100
at (inds/mL)| mL)
mL) mL)
20% | 265,440 1,321 3.0E+06 68 0 65
2007.06.|  Test \'oqo 1 o70630 | 1443 | 3.0E+06 | 133 0 192
06 water
80% | 273,000 1,253 2.4E+06 36 0 130
20% 1,238 208 15 0 10
200171'06' Control | 50% | 2,554 69 55 0 45
80% 1,661 277 10 0 30
20% 0 0
200171'06' Treated | 50% | 0 4 0
80% 0 0 0 0




2.5.2. S-2 (Sea water in Masan Bay)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 9. The range of the
organism concentration for the group bigger than 50um in size was from 502,499 to 704,700
inds/m®, while that of the group between 10pm and 50pum in size was from 1,942 to 2,542
inds/mL in test water (Table 10). The range of heterotrophic bacterial population density was
from 3.4 to 4.3 x10° inds/mL in test water (Table 10). However, after ECS treatment, the
number of living organisms for all groups in control and treated water met the D-2 regulation.

Table 9. Water quality of sea water (Masan Bay)

Date |Sample| pH | 'emP. [Salinityl DO | TSS | DOC | POC

(°C) (PSU) | mg/L | mg/L | mg/L | mg/L
Test

2007.06.20 8.2 20.5 33.2 7.0 90.3 1.7 10.1
water

2007.06.25 |Control | 7.9 22.1 33.2 2.7 97.2 1.7 5.8

2007.06.25 | Treated | 8.1 22.0 33.2 6.3 94.2 2.5 3.8

Table 10. Biological efficacy of ECS from land-based test at sea water (Masan Bay)

Sam Heterotro| E. coli Vibrio | Entero
AMp 50um< | 10~50um . ' cholerae | coccus
Date | Sample | ling | ,. 3N | s . Bacteria | (cfu/10
(inds/m?) [(inds/mL) | ;. (cfu/100 | (cfu/10
at (inds/mL)| OmL)
mL) OmL)
20% | 502,499 2,330 3.5E+06 62 0 49
2007.06| Test | g5n00 | 704700 | 1,942 | 3.4E+06 | 107 0 88
.20 water
80% | 526,080 2,542 | 4.3E+06 | 107 0 46
20% | 3,708 40 15 0 5
200508 Control | 509 | 5191 | 160 20 0 15
80% | 8,702 110 25 0 10
20% 0 3 0 0 0
200500 Treated | 50% | 0 1 0 0 0
80% 0 1 0 0 0




2.5.3. S-3 (Sea water in Masan Bay)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 11. The range of
the organism concentration for the group bigger than 50um in size was from 233,492 to
267,733 inds/m®, while that of the group between 10um and 50pm in size was from 1,608 to
2,077 inds/mL in test water (Table 12). The range of heterotrophic bacterial population
density was from 6.0 to 7.5 x10° inds/mL in test water (Table 12). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 11. Water quality of sea water (Masan Bay)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P b (°C) (PSU) | Mg/L | mg/L | mg/L | Mg/L

2007.12.07| Test 8.1 95 32.7 93 40.4 16 29
water

2007.12.12| Control | 8.2 9.2 32.8 6.6 42.7 15 15

2007.12.12| Treated | 8.3 8.9 32.8 8.8 34.3 21 13

Table 12. Biological efficacy of ECS from land-based test at sea water (Masan Bay)

Sam Heterotro| E. coli Vibrio | Entero
Date | Sample | lin i S0um< | 10~50um Bacteria (cfﬁ/loo cholerae, coccus
P 9 | (inds/m® | (inds/mL) | .. (cfu/100 | (cfu/100
at (inds/mL)| mL)
mL) mL)
20% | 233492 | 1652 | 6.0E+06 | 135 0 33
2007.12 1 Test | oqo0 | 950508 | 2077 | 6.4E+06 | 148 0 33
.07 water
80% | 267,733 | 1608 | 7.5E+06 | 245 0 73
20% | 6,612 229 25 0 5
200172'12 Control | 50% | 7,956 174 30 0 5
80% | 9,202 244 45 0 10
20% 0 0 0 0 0
200172'12 Treated | 50% | 0 0 0 0 0
80% 0 0 0 0 0




2.5.4. S-4 (Sea water in Masan Bay)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 13. The range of
the organism concentration for the group bigger than 50um in size was from 291,738 to
368,588 inds/m®, while that of the group between 10um and 50um in size was from 1,256 to
1,591 inds/mL in test water (Table 14). The range of heterotrophic bacterial population
density was from 3.6 to 3.8 x10° inds/mL in test water (Table 14). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the

D-2 regulat

ion.

Table 13. Water quality of sea water (Masan Bay)

Date | Sample H Temp. |Salinity| DO TSS DOC POC

P P (°C) (PSU) | Mg/L | mg/L | mg/L | mg/L

2007.12.17| TESt | 79 93 321 | 101 | 631 20 17
water

2007.12.22|Control| 85 85 32,5 8.4 61.6 22 12

2007.12.22| Treated| 8.3 8.5 32.6 95 59.9 31 1.0

Table 14. Biological efficacy of ECS from land-based test at sea water (Masan Bay)

Sam Heterotro| E. coli Vibrio | Entero
AMp 50um< | 10~50um . ) cholerae | coccus
Date | Sample | ling | ,. 3\ |- . Bacteria | (cfu/100
(inds/m®) | (inds/mL) | ;. (cfu/100 | (cfu/10
at (inds/mL)| mL)
mL) OmL)
20% | 291,738 1,430 3.8E+06 119 0 163
2007.12.1 Test | 5hoq | 329250 | 1,501 | 3.6E+06 | 106 0 110
17 water
80% | 368,588 1,256 3.6E+06 110 0 108
20% | 98,766 522 20 0 19
200272'12' Control | 50% | 61,935 979 30 0 21
80% | 21,255 1,087 48 0 23
20% 6 0 0 0
200272'12' Treated | 50% 2 0 0 2
80% 3 0 0 0




2.5.5. S-5 (Sea water in Masan Bay)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 15. The range of
the organism concentration for the group bigger than 50um in size was from 120,517 to
126,254 inds/m®, while that of the group between 10pum and 50um in size was from 1,450 to
1,693 inds/mL in test water (Table 16). The range of heterotrophic bacterial population
density was from 1.4 to 1.8 x10° inds/mL in test water (Table 16). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the

D-2 regulation.

Table 15. Water quality of sea water (Masan Bay)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P b (°C) (PSU) | mg/L | mg/L | mg/L | mg/L

2008.01.16| &St 8.1 6.9 329 | 102 | 585 18 11
water

2008.01.21| Control | 8.1 5.9 33.0 9.7 66.1 20 11

2008.01.21| Treated | 8.2 5.9 330 | 104 | 607 18 05

Table 16. Biological efficacy of ECS from land-based test at sea water (Masan Bay)

. | Vibrio | Entero
Date | Sample Sl?rrln i SOums | 10~50um nggectcggg (cE1‘.lJ(/:;)gO cholerae) coccus
P atg (inds/m® | (inds/mL) indymby | mL) | CfU/10] (cfur10
OmL) | OmL)
20% | 120517 | 1450 | 1.4E+06 | 103 0 40
2008.01. | Test | o0 [ 106954 | 1693 | 1.4E+06 | 106 0 61
16 water
80% | 122454 | 1469 | 1.8E+06 | 133 0 54
20% | 3,900 135 12 0 38
200281'01' Control | 50% | 2,511 151 42 0 30
80% | 1,739 192 15 0 15
20% 3 0 0 0 3
200281'01' Treated | 50% 3 0 0 0 5
80% 1 0 0 0 3




2.5.6. B-1 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set
following the guideline of G8. The water quality of the location is summarized in Table 17.
The range of the organism concentration for the group bigger than 50um in size was from
107,100 to 122,175 inds/m®, while that of the group between 10um and 50pm in size was
from 1,114 to 1,320 inds/mL in test water (Table 18). The range of heterotrophic bacterial
population was from 2.2 to 3.0 x10° inds/mL in test water (Table 18). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 17. Water quality of sea water (Sumjin Estuary)

Date |Sample| pH | 'emp. |Salinity) DO - TSS | DOC | POC

(°C) (PSU) | mg/L | mg/L | mg/L | mg/L
Test

2007.08.01 7.9 27.0 19.3 6.5 52.9 5.4 6.2
water

2007.08.06 |Control | 7.9 21.7 19.3 6.3 58.3 5.5 5.4

2007.08.06 | Treated | 7.9 27.0 19.3 7.5 65.7 5.7 5.4

Table 18. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

. | Vibrio | Entero
Date | Sample Sl?rr:z]p _50um<3 1.0~50“m nggectcggg (5‘117230 cholerae) coccus
at (inds/m?) [ (inds/mL) kin dsimL)| mL) (cfu/10 | (cfu/10
OmL) | OmL)
20% | 122,175 1,212 3.0E+06 823 0 30
2007.08.|  Test [ ono0 [ 191058 | 1414 | 2.2E406 | 720 0 8
01 water
80% | 107,100 1,320 2.7E+06 653 0 18
20% 464 373 2 0 1
20007608' Control | 50% | 1210 480 3 0 8
80% 1165 1,138 5 0 3
20% 0 0 0 0 0
20007608' Treated | 50% 0 0 0 0 0
80% 0 0 0 0 0




2.5.7. B-2 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 19. The range of
the organism concentration for the group bigger than 50um in size was from 234,421 to
244,642 inds/m®, while that of the group between 10um and 50pm in size was from 3,096 to
4,813 inds/mL in test water (Table 20). The range of heterotrophic bacterial population
density was from 6.6 to 7.7 x10° inds/mL in test water (Table 20). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 19. Water quality of sea water (Sumjin Estuary)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P P (°C) (PSU) | mg/L | mg/L | Mg/L | mg/L

2007.08.22| et 83 279 | 182 85 60.3 6.7 6.0
water

2007.08.27 | Control | 8.0 200 | 182 53 62.6 55 57

2007.08.27| Treated | 8.0 277 | 182 76 60.7 55 5.4

Table 20. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

Sam Heterotro| E. coli Vibrio | Entero
AMp 50um< | 10~50um . : cholerae| coccus
Date | Sample | ling | .. N | - . Bacteria | (cfu/10
(inds/m®) | (inds/mL) | . (cfu/100 | (cfu/10
at (inds/mL)| OmL)
mL) OmL)
20% | 244,642 4,258 7.7E+06 | 290 0 18
2007.08.\  Test | 500 | 934421 | 4813 | 7.3E406 | 278 0 16
22 water
80% | 237,383 3,096 6.6E+06 | 249 0 22
20% 8,438 206 2 0 33
200277'08' Control | 50% 5,256 240 5 0 0
80% 6,146 732 5 0 0
20% 0 0 0 0 0
200277'08' Treated | 50% 0 0 0 0 0
80% 0 0 0 0 0




2.5.8. B-3 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 21. The range of
the organism concentration for the group bigger than 50um in size was from 104,467 to
118,442 inds/m®, while that of the group between 10pum and 50pum in size was from 2,025 to
2,277 inds/mL in test water (Table 22). The range of heterotrophic bacterial population
density was from 2.5 to 3.0 x10° inds/mL in test water (Table 22). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 21. Water quality of sea water (Sumjin Estuary)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P P (°C) (PSU) | mg/L | mg/L | Mg/L | mg/L

2007.08.29| 1St 7.9 265 | 186 78 60.3 65 55
water

2007.09.03| Control | 7.7 222 | 188 78 67.9 6.4 58

2007.09.03| Treated | 7.9 215 | 186 9.1 64.1 6.6 53

Table 22. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

. | Vibrio | Entero
Date | Sample SI?rrln i SOUms | 10-50um Hg;i:g:ir: | (Efuclolltl) Cholerae | coceus
P | 119 | (indsim® |(inds/mL) (indsimL) | omL) | G100 | (cfu/t00
mL) mL)
20% | 108508 | 2211 | 2.9E+06 | 494 0 100
2007.08.1  Test | o500 | 104467 | 2277 | 3.0E+06 | 501 0 75
29 water
80% | 118442 | 2025 | 25E+06 | 521 0 71
20% | 1,968 134 135 0 110
200073'09' Control | 509% | 1,703 88 168 0 61
80% | 2,634 89 87 0 63
20% 0 0 0 0 0
200073'09' Treated | 50% | 0 0 0 0 0
80% 0 0 0 0 0




2.5.9. B-4 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 23. The range of
the organism concentration for the group bigger than 50um in size was from 118,458 to
166,775 inds/m®, while that of the group between 10pum and 50um in size was from 1,554 to
2,131 inds/mL respectively, in test water (Table 24). The range of heterotrophic bacterial
population density was from 3.8 to 4.4 x10° inds/mL in test water (Table 24). However, after
ECS treatment, the number of living organisms for all groups in control and treated water met
the D-2 regulation.

Table 23. Water quality of sea water (Sumjin Estuary)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P b (°C) (PSU) | mg/L | mg/L | Mg/L | mg/L

2007.09.10| st 8.0 239 | 192 8.9 63.5 57 6.3
water

2007.09.15| Control 8.0 24.1 19.1 6.9 66.4 5.4 0.2

2007.09.15| Treated | 8.1 240 | 192 8.4 63.4 55 59

Table 24. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

Sam Heterotro| E. coli Vibrio | Entero
AMP 50um< | 10~50pum ) : cholerae | coccus
Date | Sample | ling | . N | . Bacteria | (cfu/10
(inds/m?) | (inds/mL)| . (cfu/100 | (cfu/10
at (inds/mL)| OmL)
mL) OmL)
20% | 166,775 2,131 4.4E+06 | 837 0 525
2007.09.\  Test | oq00 | 150704 | 1,808 | 4.2E406 | 855 0 259
10 water
80% | 118,458 1,554 3.8E+06 | 663 0 298
20% 1,953 161 305 0 22
200175'09' Control | 50% 2,124 306 335 0 79
80% 2,228 153 325 0 0
20% 1 0 0 0 0
20017509' Treated | 50% 0 0 0 0 0
80% 0 0 0 0 0




2.5.10. B-5 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 25. The range of
the organism concentration for the group bigger than 50um in size was from 108,858 to
116,100 inds/m®, while that of the group between 10pum and 50um in size was from 1,438 to
1,692 inds/mL in test water (Table 26). The range of heterotrophic bacterial population
density was from 3.1 to 5.4 x10° inds/mL in test water (Table 26). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 25. Water quality of sea water (Sumjin Estuary)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P b (°C) (PSU) | mg/L | mg/L | Mg/L | mg/L

2007.10.22 Test 8.0 21.6 20.1 19.1 57.9 6.1 5.8
water

2007.10.27|Control | 8.0 21.0 20.3 16.1 58.9 6.1 5.9

2007.10.27 | Treated | 8.0 20.7 20.0 17.1 62.2 5.7 5.7

Table 26. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

Sam Heterotro| E. coli Vibrio | Entero
Date | Sample | lin i S0um< | 10~50um Bacteria (cf.u/100 cholerae | coccus
P 9 | (inds/m®) | (inds/mL) | . (cfu/100 | (cfu/100
at (inds/mL)| mL)
mL) mL)
20% | 116,100 | 1,498 | 54E+06 | 837 0 525
2007.10.|  Test [ poqo0 | 108858 | 1438 | 3.1E+06 | 855 0 259
22 water
80% | 114471 | 1,692 | 47E+06 | 663 0 298
20% | 1,167 143 277 0 55
200277'10' Control | 50% | 1,633 135 267 0 62
80% | 1338 236 277 0 179
20% 0 0 0 0 0
200277'10' Treated | 50% | 0 0 0 0 0
80% 0 0 0 0 0




2.5.11. B-6 (Brackish water in Sumjin River)

The organism concentrations of test water for the land-based test sampling were set as the
guideline of G8. The water quality of the location is summarized in Table 27. The range of
the organism concentration for the group bigger than 50um in size was from 201,025 to
275,420 inds/m®, while that of the group between 10um and 50um in size was from 2,720 to
3,613 inds/mL in test water (Table 28). The range of heterotrophic bacterial population
density was from 7.0 to 26 x10° inds/mL in test water (Table 28). However, after ECS
treatment, the number of living organisms for all groups in control and treated water met the
D-2 regulation.

Table 27. Water quality of sea water (Sumjin Estuary)

Date Samole H Temp. | Salinity| DO TSS DOC POC

P b (°C) (PSU) | mg/L | mg/L | Mg/L | mg/L

2008.02.20| Test 85 59 16.8 | 117 | 595 5.4 6.1
water

2008.02.25|Control | 8.1 5.4 173 9.8 53.9 53 65

2008.02.25| Treated| 8.5 5.1 170 | 115 | 522 59 6.3

Table 28. Biological efficacy of ECS from land-based test at sea water (Sumjin Estuary)

Sam Heterotro| E. coli Vibrio | Entero
Date | Sample | lin °| soum< | 10-50um Bacteria | (cfu/100 cholerae | coccus
P 9 | (inds/m? | (inds/mL) | . (cfu/100 | (cfu/100
at (inds/mL)| mL)
mL) mL)
20% | 275,420 2,878 2.6E+06 5 0 4
2008021 Test | gn00 | 501025 | 2,720 | 7.8E405 | 2 0 3
20 water
80% | 227,113 3,613 7.0E+05 0 0 2
20% | 36,400 435 2 0 5
200285'02' Control | 50% | 30,657 412 0 0 4
80% 7,556 463 0 0 13
20% 0 0 0 0 0
20028502' Treated | 50% 0 0 0 0 0
80% 0 0 0 0 0




3. Shipboard test

Shipboard test was performed by M/V STX YOKOHAMA, based on the D-2 regulation.
Test done by M/V STX YOKOHAMA was performed to prove the efficacy of sea water
disinfection, and the test performed was to prove the efficacy of sea water disinfection. All
tests were performed at the Korea Marine Research Center, and satisfied D-2 regulation.

Shipboard test by M/V STX YOKOHAMA have been performed every one week in
different seas (Korea, China, and Japan) from Feb 3rd. 2007 till Jul 30™ 2007 (Total of
24weeks).

The operation conditions of ECS was adjusted to generate 10mg/L of TRO, where the
conditions of electric current and voltage were regulated according to the condition of water
quality of test during in-ballasting by the ship (salinity, temperature, and organic matter
contents etc.). Continuous tests of section 8 were successful and satisfied D-2 standard.

The procedures and sampling diagram for shipboard test are summarized in Fig. 9 and 10.

® Sampling for source, treated, and control water to be collected and tested.

® For each water, sampling from three different phases to be executed (10%, 50% and
80% of full ballast tanks).

® The above procedure is consistent with D-2 and G-8 sampling protocol of the Ballast
Water Management Convention.
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Fig. 9. Procedure of shipboard test
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% The sampling point for the source water is directly after the ballast
pump and for control and treated water is where the sea water has
passed the ballast pump twice.

Fig. 10. Sampling diagram

3.1. MV STX YOKOHAMA

3.1.1. Information of the test vessel

The specification and main instrument of M/V STX YOKOHAMA for shipboard test is
summarized in Table 21 and 22, respectively.

Table 21. M/V STX YOKOHAMA specifications

Component Specifications

Name / type M/V STX YOKOHAMA / Container ship
Gross tonnage 8,306m*

Dimensions Length: 132.94m Width: 20.50m Depth: 10.50m
Owner STX PAN OCEAN

Builder HANJIN

Launching Date May. 30.1998




Table 22. M/V STX YOKOHAMA main instruments

Component Description
Pine and oum Maximum amount to pump: 600m*/h
P pump (300m3/h for 2 ships)
Dark condition tank Actual employed ballast water tank

Netting for collecting proper amount of micro-
organisms
Net for collecting samples

Equipment for collecting
samples

Equipment for micro-organism |Pump placed underwater for collecting samples
test refrigerator for storing samples (4°C)

Equipment for running

instrument Use power supply for driving ships

Ballast management system |ECS-300A 1 set

Repair tools Reserved stocks and tools for repairing instrument

Living facility for researcher and inspector

Extra equipment (Restaurant, bedroom, conference room)

3.1.2. Test sites

The travel course and test site for shipboard test with M/V STX YOKOHAMA were as
follows (Table 23 and Figs. 11 and 12):

® Travel courses of M/V STX YOKOHAMA are 47, 48 and 49. The oceanic ecosystem
between these courses is very different.

® M/V STX YOKOHAMA sails the Japanese and Chinese courses once per week.

® Course of Japan (one week): Busan — Yokohama — Tokyo — Shimizu — Nagoya —
Yokaichi — Busan

® Course of China (one week): Busan — Masan — Kwangyang — Qingdao— Busan

® Course of Korea (5 days): Busan — Kwangyang



Table 23. Sea area of navigation

Sea area (LME Model

Country Anchoring port No.)
Korea Busan port, Masan port, Kwangyang port East China Sea (47)
China Qingdao port Yellow Sea (48)
Japan Nagoya port, Tokyo port, Yokohama port, Kuroshio Current (49)

Shimizu port

Large Marine Ecosystems of the World

N s G 2 e 3
@ - <
-b' @ -
4 ) ) \ ®
NS ” o) o i

w{ ,
R
ﬁw. ]|

E§

b

= .
e — L

v do)
1. Edet Baring S0 4. Pasgonion Sheit 27, Canary Curont 4D Northeont Astrola A3 Wst Bering Seay
2. Geff ol Asodan 15, South Bl Stet! - cu‘:.'om 41, Eaxt-Cantw' 4. Cruocty S
3. Cadfeerda Curast %5, Bt Boas Shell 2. Bervgaeh Curest 42 Soctiesal Audrele S5 Bowufoel S
4. Ouf of Caltoria 17, Nean Evacd St S0 Agsnes Corvent 43, Soctwes! Austaka 56, East Shotan Seo
5. Gu¥ ol Nexco 3. Wost Groovand Shot! 3. Somad Cossty! Curment 4“, 7. Lo Sea
& Southest US Cortnmmisl Shatt %5 Tt Groaond Sheit 1 Arsbian Ses A5 Nocttweet S Karn Sea
7. Nostwast U5 Cortrme Shat 20, Bwents Sen X Fond Semn 45, N Zngvred Stadt 0. bownrnd Stud!
& Scoton Sha! 21, Neewogian Ses 34 Bay of Borga! 47. East Chive Soa 0. Favce Platess
9. Shet 22 N S 3. Gulf of Thadans 48 Yolow Soo 61, Antaeose
0. hssor Pactc Howoion 21 B¥tcSm . Souh Ching Seo 43, Karoahio Curent 2 Dianck Sea
11, Pactc ST Subs-Celbes Sean 50, Sescl Sy &3 Mucdeon By
12. CarliSesn 25, batan Cosodal S incdonesen Ses £1. Oyadio Curent 4. Arctc Ocean
15 Furtaldt Cuven 25, Modtenarean S0 Noth Ausvaa 52, Sew ol Ot

Fig. 11. Navigation map of M/V STX YOKOHAMA
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3.1.3. Installation for the test

The biological efficacy test system of ECS for shipboard test at M/V STX YOKOHAMA
were composed of: ECS-300A instrument, 4 tanks with volume of 250m® each and each of
the pipes and valves were designed to fit to regulation. The rate at which a ballast pump can
take up sea water is 300m*/h.

Plankton net for sampling was installed through the path of the in-ballasting pipeline, and
controlled water and treated water were sampled based on the guidelines of shipboard test.
Flow meter was installed to measure the amount of sampled water and it is managed to
control the flow rate of 1m* every 10minutes.
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3.1.4. Preparation for the test

3.1.4.1. Cleaning test instruments

The ballast tank for the M/V STX YOKOHAMA was repeatedly emptied and filled ballast
water as much as possible within the port so as to remove any of the remaining organic

matter and sediments.

3.1.4.2. Test instruments

If any pollutants come in contact with the rectifier, distributor, control pc, or any other
equipment, they need to be cleaned with a dry cloth and any rusty screws need to be replaced.
Any equipment that requires a new air filter needs to have it replaced. Any connection cable
parts in bad condition (rusty) need to be replaced before the test.

3.1.5. Test methods

3.1.5.1. Temperature and salinity

Temperature and salinity were measured using an ldronaut Ocean Seven 319 CTD. The
equipment was calibrated once a year by the manufacturer.

3.1.5.2. pH

A pH meter used was a model 1230, manufactured by Orion Research Inc. The equipment
was calibrated using standard solutions (Orion application buffer, pH 4, 7, 10) each time prior
to the measurement according to the guidance provided by manufacturer.

3.1.5.3. Dissolved oxygen

DO was measured using an Idronaut Ocean Seven 319 CTD. The DO meter attached to the
CTD was calibrated each time prior to the measurement according to the guidance provided
by manufacturer. Maintenance (mostly membrane and electrolyte replacement) should be

carried out at least every three months.



3.1.5.4. Determination of dissolved organic carbon (UNESCO, 1994)

For dissolved organic carbon (DOC) analysis, each seawater sample was filtered through a
pre-combusted (450 °C, 2hours) 25mm Whattman GF/F filters (nominal pore size 0.7 um)
and 20 mL of filtered sample was collected in a pre-combusted 30-mL EPA vial (Wheaton,
WH.W227354). After collection, the filtered seawater sample was immediately acidified with
10% H3PO4 solution and purged with ultrapure O, gas for 10 min to remove dissolved
inorganic carbon (DIC). One hundred microliters of the DIC-free subsample was then
injected into the combustion tube of a Shimadzu TOC-VCPH total organic carbon analyzer
for the oxidation of DOC to CO,, which was facilitated by a platinum catalyst at 650 °C. The
liberated CO, was subsequently measured using an infrared detector. On each day of
measurements, a three-point calibration curve was constructed using potassium phthalate
standards freshly prepared in Milli-Q water. These standards covered a DOC concentration
ranged of 0 to 10 mg/L and were run once a day. All DOC measurements reported here

represent the mean of three injections from each sample.

3.1.5.5. Determination of dissolved particulate organic carbon (UNESCO,
1994)

For determination of dissolved particulate organic carbon (POC), samples were collected
in 2 liter sterilization bottles. 200 mL of seawater sample was filtered onto pre-combusted
(450 °C, 2hours) 25mm Whattman GF/F filters (nominal pore size 0.7 um). During filtration,
a slight vacuum (0.0027 MPa or 200 torr) was applied to avoid rupture of the cells on the
filters. After filtration, the wet filters were dislodged from the filter holders and then stored
frozen in a deep freezer (-20 °C) until processed. Prior to analysis, the filters are placed
overnight in a desiccator saturated with HCI fumes. The air in the desiccator is kept saturated
by leaving concentrated HCI in an open container in the lower compartment of the desiccator.
Thereafter, the filters are dried again at 65 °C for two days. Immediately before analysis, with
the use of a clean pair of forceps, the dried filters were folded with tinfoil and palletized
(Sharp, 1974). The CHN elemental analyzer (ThermoQuest, EA1112) was used to determine

the concentration of POC on the dried filters.



3.1.5.6. Determination of total suspended substance (APHA, 1995)

Whattman GF/F filters (47mm, nominal pore size 0.7 um) were rinsed with 20mL of
distilled water three times and dried in the oven at 103 to 105 °C for 1 hour and then cooled
to the room temperature for 30 minutes in the desiccator. The filters were then weighted. The
sample volumes were chosen for the sufficient amount to yield residue between 10 mg and
200 mg after filtration. When there were very low total solids in samples (less than 10 mg/L),
the deficiency of low weight was compensated by using a high-sensitive balance (0.001 mg).
The appropriate amount of sample was filtered through the prepared 47mm Whatman GF/F
filter and the residue retained on the filter was dried at 103 to 105 °C for 1 hour. The filter
was cooled in desiccator to room temperature for 30 minutes, and then re-weighted. The
difference between pre and after weighted filter was divided by sample volume (unit liter)
and represents the concentration of total suspended solid.

3.1.5.7. Viability test of organisms

® Organisms > 10~50um
The disinfection efficacy of the ECS on 10~50um sized organisms (mainly
phytoplankton) was assessed by three kinds of measurements using photomicroscope,
epifluorescence microscope and fluorometer (Turner Designs 10-AU).
With the use of the light microscope, the motility; for example of sliding or its own
original movement assessed vitality of the phytoplankton.
Chlorophyll autofluorescence is used as an indicator of cell viability (Pouneva, 1997).
Intact chlorophyll of living cells shows red fluorescence, while dead or severely damaged
chlorophyll lose the red fluorescence. Commonly, under a green filter using an
epifluorescence microscope, the most living cells shows brightly red colour, while dead
cells show faintly green colour or disappearance of red fluorescence.
Fluorometer with high sensitivity can detect the fluorescence of phytoplankton more than
one live cell per milliliter. Thus, if no value is read on the display of fluorometer, all cells
are considered to be ‘dead’, while if any number is read; there are live cells in the sample.
Fluorometer was used as a supplementary means.



® Organisms > 50um
Survivorship of the larger organisms 50um (mainly zooplankton) was determined based
on the appendage's movement under a stereomicroscope (APHA-804C, 1985). In each
taxonomic group, individuals were classified as live or dead and counts of each group
were recorded. Animals were considered to be ‘live’ if they are actively moving or
exhibited an escape behavior when probed with a fine needle. If no activity or movement
of any kind was observed, after the additional sticking with a fine needle, the animals
were considered to be ‘dead’. And the determination of live or dead is confined to the
unimpaired body of zooplankton. Abovementioned assessment method was also applied

to the non-motile organisms larger than 50 pm.

® DAPI count for heterotrophic bacteria
For setting up the condition of influent water, 50mL seawater was fixed with neutralized
formalin (final conc. 2~4%). One millilitre in well-fixed seawater is stained with 0.2mL
DAPI (6-diamidino-2-phenylindole) working solution. After 5 minutes, at least 10 fields
were counted under UV filter set of fluorescent microscopy at (x 1,000).

® |ndicator microbes

« Escherichia coli (E. coli)

A 10mL of sea water was filtered onto the 0.2um membrane filter and then filters are
placed on the top of E. coli/ Coliform and Coliform Count Plates (3M™ Petrifilm plate).
The Petrifilm plates were incubated for 24 hrs at 35°C. The blue to red-blue colonies
associated with entrapped gas in the Petrifilm EC plate (within approximately one
colony diameter) is considered as E. coli. The enumeration of each sample was repeated

eight to ten times.

« Vibrio cholerae (serotypes O1 and 0139)

5 to 10 mL of sea water was filtered onto the 0.2um membrane filter and then filters
were placed on the TCBS (Bisulfate Citrate Bile Sucrose) agar. Pre-treated TCBS agar
plates were incubated for 24 hrs at 35°C. The green coloured CFU is considered as
Vibrio parahaemolyticus. The yellow coloured CFU is isolated into nutrient agar and
incubated for 24 hrs at 35°C. If the cultivated CFU has purple colour, it is considered to
be positive, if not or partly purple, it is negative. When the incubated CFU is determined



to be positive, API20E test should be carried out. The possibility of Vibrio cholerae in
the case of partly purple coloured CFU was tested, but any CFU was not found in the

API20E test. The enumeration of each sample was repeated eight to ten times.

* Enterococci
A 20 ~ 40 mL of sea water was filtered onto the 0.2um membrane filter and then filters

are placed on the Intestinal Enterococci agar plate. The pre-treated agar plates were
incubated for 48 hrs at 35°C. The pink to brown coloured CFU with a diameter of 0.5 to
2 mm is usually Enterococci. The enumeration of each sample was repeated eight to ten

times.

Finally, the above mentioned test was additionally conducted with disinfected distilled
water in order to confirm whether or not there is any contamination as a control. The levels of

organic matters in test sites for shipboard test are summarized in table 24.

Table 24. A brief summary of water qualities at the test sites for shipboard test on M/V
STX YOKOHAMA
Salinity: 30~32PSU

S-1 S-2 S-3
DOC (mg/L) 1.66 1.58 1.03
POC (mg/L) 0.85 0.88 0.44
TSS (mg/L) 47.4 71.4 64.9

3.1.6. Test results

The shipboard tests that were performed 3 times satisfied D-2 regulation for disinfection of

each size of micro-organisms.



3.1.6.1. S-1 (M/V STX YOKOHAMA)

The water quality at the point of the shipboard test is summarized in Table 25. The range
of the organism concentration for the group bigger than 50um in size was from 3,703 to
5,793 inds/m®, while that of the group between 10pm and 50pum in size was from 1,963 to
2,521 inds/mL respectively, in raw water (Table 26). After voyage, the range of living
organism concentration for the group bigger than 50um in size was 270 to 371 inds/ m®,
while that of the group between 10um and 50um in size was from 12 to 15 inds/mL

respectively, control water. There were no living organisms found in treated water.

Table 25. Water quality for shipboard test

Date Samole H Temp. | Salinity| DO TSS DOC POC

b P (°C) (PSU) | mg/L | mg/L | mg/L | mg/L

2007.07.03 Raw 7.8 23.1 29.0 - 47.4 1.66 0.85
water

2007.07.07 | Control | 7.7 23.1 29.4 5.2 38.4 1.42 0.3

2007.07.07 | Treated | 8.0 23.2 28.9 5.0 44.1 1.56 0.4

Table 26. Biological efficacy of ECS from shipboard test

Heterotro| E. coli Vibrio | Entero
Sampli| 50um< | 10~50um . : cholerae| coccus
Date | Sample . 3\ |- . Bacteria | (cfu/10
ng at | (inds/m?) | (inds/mL) (inds/mL)| 0mL) (cfu/100 | (cfu/100
mL) mL)
20% 4,917 2,160 | 29E+06 | 85 0 7
2007.07.\ Raw 1 500 | 5739 | 2521 |3.0E+06 | 234 0 26
03 water
80% 3,703 1,936 | 6.0E+06 | 260 0 26
20% 270 12 - 30 0 5
200077'07' Control | 50% 371 15 - 20 0 0
80% 282 12 - 35 0 0
20% 0 0 - 0 0 0
200077'07' Treated | 50% 0 0 - 0 0 0
80% 0 0 - 0 0 0




3.1.6.2. S-2 (M/V STX YOKOHAMA)

The water quality at the point of the shipboard test is summarized in Table 27. The range

of the organism concentration for the group bigger than 50um in size was from 3,522 to

8,072 inds/m®, while that of the group between 10pm and 50pum in size was from 1,316 to

2,016 inds/mL respectively, in raw water (Table 28). After voyage, the range of living

organism concentration for the group bigger than 50um in size was 811 to 920 inds/ m?,

while that of the group between 10um and 50um in size was from 9 to 16 inds/mL

respectively, control water. There were no living organisms found in treated water.

Table 27. Water quality for shipboard test

Date Samole H Temp. | Salinity| DO TSS DOC POC
b b (°C) (PSU) | mg/L | mg/L | mg/L | mg/L
2007.07.11 Raw 8.1 24.4 31.0 - 714 1.58 0.88
water
2007.07.15|Control | 7.4 22.2 31.4 7.6 46.9 1.50 0.46
2007.07.15| Treated 7.6 22.1 31.4 7.5 55.7 1.84 0.35
Table 28. Biological efficacy of ECS from shipboard test
.| Vibrio | Entero
Sampli| 50um< | 10~50um Heterotro) E. coli cholerae| coccus
Date | Sample . N | - . Bacteria | (cfu/10
ng at | (inds/m?) | (inds/mL) | ;. (cfu/100 | (cfu/100
(inds/mL)| OmL)
mL) mL)
20% 3,522 920 6.5E+06 | 20 0 0
2007.07. 1 Raw 1 500 | go72 | 811 | 62E+06 | 39 0 0
11 water
80% 7,071 816 56 E+06 | 39 0 0
20% 2,016 9 - 520 0 0
200175'07' Control | 50% 1,341 16 - 45 0 20
80% 1,316 11 - 100 0 0
20% 0 0 - 0 0 0
200007 | Treated | 50% | 0 0 i 0 0 0
80% 0 0 - 0 0 0




3.1.6.3. S-3 (M/V STX YOKOHAMA)

The water quality at the point of the shipboard test is summarized in Table 29. The range
of the organism concentration for the group bigger than 50um in size was from 66,684 to
100,241 inds/m®, while that of the group between 10pm and 50pm in size was from 371 to
558 inds/mL respectively, in raw water (Table 30). After voyage, the range of living
organism concentration for the group bigger than 50pum in size was 0 to 3,876 inds/ m®, while
that of the group between 10um and 50um in size was from 82 to 1,756 inds/mL respectively,

control water. There were no living organisms in treated water.

Table 29. Water quality for shipboard test

Date |Sample| pH | 'emp. |Salinity) DO} TSS | DOC | POC

(°C) (PSU) | mg/L | mg/L | mg/L | mg/L
Raw

2007.07.22 8.1 25 30 - 64.9 1.03 0.44
water

2007.07.23 | Control 8 23.8 32.2 7.6 65.3 1.07 0.35

2007.07.23| Treated | 8.5 23.3 33.2 5.8 62.5 1.06 0.28

Table 30. Biological efficacy of ECS from shipboard test

Heterotro| E. coli Vibrio | Entero
Sampli| 50um< | 10~50um . : cholerae| coccus
Date | Sample . 3\ |- . Bacteria | (cfu/10
ng at | (inds/m?) | (inds/mL) (inds/mL) | 0mL) (cfu/100 | (cfu/100
mL) mL)
20% | 86,412 481 6.6E+06 | 416 0 0
2007.07. Raw | goo0 | 100,241 | 558 | 8.0E+06 | 364 0 7
22 water
80% | 66,684 371 6.3E+06 | 611 0 7
20% 0 1,756 - 165 0 5
200273;07' Control | 50% 3,876 82 - 125 0 0
80% 3,395 103 - 170 0 5
20% 0 0 - 0 0 0
200273;07' Treated | 50% 0 0 - 0 0 0
80% 0 0 - 0 0 0
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Annex : Certificate of Accreditation

Annex 1 : Certificate of Accreditation for ISO/IEC 17025

Name of Laboratory : Korea Ocean Research and Development Institute (KORDI)
Date : 11" June 2007
Administrator : Korea Laboratory Accreditation Scheme (KOLAS)

Governmental accreditation body in the Republic of Korea

% The ISO/IEC 17025 System were executed from October 2006 at KORDI

in field of bio-efficacy test for type approval test of ballast water management system.

Annex 2 : Designation of Type Approval Testing Body

Name of Laboratory : Korea Ocean Research and Development Institute (KORDI)

Date : 29™ August 2007
Administrator : Ministry of Maritime Affairs & Fisheries (MOMAF)
Regulation : Provisional Regulation of Type Approval of Ballast Water

Management System (2006-77, MOMAF, 8" November 2006)

% According to the retroactive to Provisional Regulation of Type Approval
of Ballast Water Management System (2006-77, MOMAF), the test results which
conducted before designation identified as type approval test.



Annex 1 : Certificate of Accreditation for ISO/IEC 17025

No. 322 (1/2)

CERTIFICATE OF ACCREDITATION

Name of Laboratory : Korea Ocean Research and Development Institute
Representative : Yum, Ki-Dai

Address of Headquarters : 1270, Sa2-dong, Ansan, 426-744, Korea

Address of Laboratory : 391 Jangmok-ri, Jangmok-myon, Geoje-si, 656-830,
Korea
Duration : June 11, 2007 ~ June 10, 2011

Scope of Accreditation
(Scope of Accreditation is described in the accompanying Annex)

This is to certify that the above Laboratory is accredited as
Testing Laboratory in accordance with the provisions of Article 23
of the National Standards Act.

These criteria encompass the requirements of ISO/IEC 17025 :

2005.
June 11, 2007

ohog Gk

Administrator,
Korea Laboratory Accreditation Scheme(KOLAS)
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No. 322 (2/2)
9. Biological testing

9.006 Aquatic biology

Test method

Standard designation

APHA-804C : 1985

American Public Health Association (APHA)/Standard
methods for the examination of water and wastewater/To
ascertain if a motionless animal is dead, touch it gently

with a sealed glass capillary probe

EPA-445.0 : 1997

Environmental  Protection Agency (EPA)/In  vitro
determination of chlorophyll-a and pheophytin a in
marine and freshwater algae by fluorescence

End.
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Annex 2 : Designation of Type Approval Testing Body (Korean)
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AdHE Al
Cert. No. 1
WY 2EFHIHAI2E FASAANF7R AFA
Certificate of Accreditation as the Type Approval Test
Organization of Ballast Water Management System
= -
D3 32 Nazagare
ame'o : Korea Ocean Research & Development Institute
Organization
FAE S5
4L (@4 B(HEA A7 @’2,;" 0 ; 490906-1000525
#= 7} [Representative | Yum, Ki-Dai ID”N‘(-)° 7 7771(130122-0002126)
b W= A71E A AFE 1270
Z 2(AF9A) 1270, Sa-dong, Ansan-si, Gyonggi-do, Korea
Address (BRE=E AAA FEH FE5g 391H A,
391, Jangmok-r1i, Jangmok-myon, Geoje-si, Korea)

OIASAANFY T

Scope of Accreditation

SANE 2 A3

Land-based testing and shipboard testing

MEPC
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This is to certify that the above Body is accredited as a Type
Approval Test Organization in accordance with the Interim Regulation
for Type Approval of Ballast Water Management System and IMO

Res. 125(53).

Minister of Ministry of Maritime Affairs and

ol B¢ IFA7IE, AM6xA3F

20073 8¢ 29¢
August 29, 2007
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